Tomato purees were produced from De Rica and Roma cultivars of tomato, packaged in high density polyethylene and stored at ambient temperature (32±2 ºC). The stored purees were analysed weekly for physicochemical composition, sensory attributes and microbial load until they became unwholesome. There was a significant (p<0.05) falling in Titratable Acidity (TTA) within the first five and six weeks for De Rica and Roma purees respectively. TTA values dropped from 12.43 to 8.40 and 10.69-7.43 for De Rica and Roma purees respectively. Total solid (TS) of the purees decreased significantly (p<0.05) from 16.2% to 9.08% for De Rica puree and 17.89% to 9.99% for Roma puree within the first four weeks of storage and became stable at the later weeks of storage. Roma puree had higher TS throughout the storage period. Total Insoluble Solid of the purees increased significantly from 3.07% and 4.01% for De Rica puree and 2.3% and 3.44% for Roma puree within the first week of storage. The values however, decreased significantly is (p<0.05) at the second week of storage from 4.01% to 1.19% for De Rica puree and 3.44% to 1.89% for Roma puree. The bulk density of the samples decreased significantly (p<0.05) from 1.14g/ml to 0.95 g/ml for De Rica puree and 1.12 g/ml to 0.95 g/ml for Roma puree through the storage period. There was an insignificant (p>0.05) increase in total bacteria count from 140 CFU/g to 320 CFU/g for De Rica puree and 126 CFU/g to 280 CFU/g for Roma puree within the first two weeks of storage. The values increased significantly (p<0.05) from 640 CFU/g to 137,000 CFU/g for De Rica puree and 590 CFU/g to 122,000 for Roma puree from the third to the tenth week of storage. There was no significant difference (p>0.05) between the freshly produced De Rica puree, Roma puree and the commercial sample in appearance, colour, taste and overall acceptability before and during storage. Marked rejection of the purees was observed at the eight week of storage.
Introduction
Tomato is one of the most commonly cultivated and consumed vegetable fruit (Temesgen et al., 2011) . Most cultivars produce red fruit but a number of cultivars with yellow, orange, pink, purple, green black and white fruits are also available (Peet, 2008) .
Tomato is commonly used in sauces, salad and in soups (Omole, 2002) . It is rich in vitamins B, C and minerals like iron, sodium, potassium as well as trace amounts of protein and carbohydrate (Malcolm, 1997) . Tomato is also a rich source of lycopene, a natural pigment which gives tomato its red colour. Lycopene, an antioxidant noted for its ability to protect DNA and prevent diseases continues to be the subject of studies on heart diseases and cancer (Levy, 2009 ).
Tomato puree is a processed food product consisting only of pulped tomatoes as its major ingredient. It is usually prepared by vacuum concentration of tomato juice and must contain at least 8.37% of tomato solids (Ihekoronye & Ngoddy, 1985) . Tomato puree has been found to be nutritionally better than other forms of processed tomato such as tomato ketchups, tomato paste and tomato sauce (Levy, 2009) . Unlike most fruits and vegetables where nutritional content decreases with cooking, processing tomato into puree increases the concentration of bioavailable lycopene (Levy, 2009 ). According to Gould (1983) , the rationale for concentration of tomato puree is to reduce the moisture content and increase the acidity to a level that will prolong shelf life during storage, to reduce colonization by microorganisms and to make tomato available all year round.
The quality of tomato products differ with respect to tomato cultivar (Temesgen et al., 2011) . Opara et al. (2012) reported changes in physicochemical properties and nutritional contents of three green house grown tomato cultivars. This present study was conducted to compare the physicochemical, microbial and sensory properties of two cultivars (De Rica and Roma) of tomato commonly cultivated in Nigeria.
Materials and Methods

Materials
The materials (De Rica and Roma cultivars of tomato) were obtained from New Market, Minna, in Niger state. The research was carried out in Water Quality Laboratories, Upper River Niger Basin, Tundun Fulani, Minna, Food Science and Technology and Chemistry Departments' Laboratories of Federal University of Technology, Minna.
Methods
Preparation of Tomato Puree
De Rica and Roma purees were produced using the hot break method as described by Idowu (2001) . Subsequently, the processed tomato puree was filled into squeezable tubes (made of high density polyethylene) with the aid of a hand pump (Ateco icing set, model E20, made in Japan) in a sterile environment.
Storage
The packaged tomato purees were stored in a clean environment at ambient temperature (32±2 ºC). The packaged products were analysed weekly for physicochemical composition (moisture, pH, total solid, titratable acidity, total soluble solid, total insoluble solid, chloride, sucrose and bulk density), acceptability analysis and microbial stability until the products became unwholesome.
Sample Analyses
pH, titratable acidity, moisture content were determined using standard methods (AOAC, 2000) , total solid, total soluble and insoluble solids, and bulk density were determined using the Standard Methods Committee (2007), chloride and sucrose contents were determined using Nielsen methods (1998).
Total plate, yeast/mold and total coliform counts were carried out using the procedures outlined by Robert and Greenwood (2003) .
A sensory evaluation of freshly prepared tomato puree was carried out using a nine-point hedonic scale as described by Ihekoronye and Ngoddy, (1985) . 32 panelists comprising civil servants and students, males and females alike were used. The panelists were presented five coded samples of De Rica, Roma purees and a control commercial sample. They were asked to compare the quality of the samples for colour, taste, appearance and overall acceptability
The data obtained were subjected to statistical analysis. The mean values were separated using Duncan Multiple Range Test and the significant differences between samples were tested using one-way analysis of variance (ANOVA) using SPSS (Statistical Package for the Social Scientists) version 16.0, Windows 2006.
Results and Discussions
Physicochemical Changes of Tomato Puree With Time
The changes in Total Solid (TS), Total Soluble Solid (TSS) Total Insoluble Solid (TIS), pH, Titratable Acidity (TTA), Moisture Content, Bulk Density, Chloride and Sucrose Contents of De Rica and Roma purees overtime are shown in Table 1 . TS of the purees decreased significantly (p<0.05) from 16.2% to 9.08% for De Rica puree and from 17.89% to 9.99% for Roma puree within the first four weeks of storage and became stable at the later weeks of storage. Roma puree had higher TS throughout the storage period. TSS of the purees showed a significant decrease (p<0.05) in values with Roma puree having a higher value throughout the period of storage. De Rica puree decreased from 13.13% to 6.86% while Roma puree decreased from 15.59% to 4.81% within the first five weeks of storage and became stable at the later period of the storage. There was a decrease in values of TS and TSS during storage probably due to the breakdown of pectin and the inhibition of low methoxyl pectin which might have occurred as reported for concentrated low acid vegetable foods (Adedeji et al., 2012) .TIS of the purees increased significantly (p<0.05) from 3.07% to 4.01% for De Rica puree and from 2.3% to 3.42% for Roma puree within the first week of storage. The values however, decreased significantly (p<0.05) during the second week of storage from 4.01% to 1.19% for De Rica puree and from 3.42% to 2.66% for Roma puree. The value increased significantly for both purees at the third week of storage and became stable at the later weeks of storage. Total insoluble solid showed a significant increase (p<0.05) at the initial period of storage probably due to serum sedimentation in the purees which is a major problem of puree produced by the hot break method (Moyer, 2000) . The TTA for both purees decreased significantly (p<0.05) from 12.43% to 8.5% for De Rica puree and from 10.69% to 7.49% for Roma puree within the first four weeks of storage. The values later became stable at the fifth week onward for both purees. De Rica puree had higher TTA throughout the storage period. TTA showed a significant decrease (p≤0.05) in values that was lower than (9.0) reported by Kirk and Sawyer (1991) . This might probably be due to reduction in the pyrilidone carboxylic acid and hydroxylmethyl furfural contents which is formed during concentration of tomato puree (Moyer, 2000) . Sucrose contents of the samples increased significantly (p<0.05) from 11% to 13% for Roma puree and from 13% to 15% for De Rica puree within the first five weeks of storage before the values became stable for both purees. The pH of the samples did not show a significant (p>0.05) increase in values throughout the storage period, and it ranged from 4.24 to 4.39. This pH of the samples were within the values (4.0-4.4) reported by Kirk and Sawyer (1991) . This could probably be due to the inhibition of slime producing microorganisms such as Bacillus by pasteurization. According to Gould (1983) , certain strains of Bacillus usually produce substances that increase the alkalinity of tomato puree. The increase in content of sucrose observed at the initial phase of storage could probably be due to the formation of amadori compounds especially fructose-glutamic acid that are formed during storage at ambient temperature (Adedeji et al., 2012) .
The bulk density of the samples decreased significantly (p<0.05) from 1.14 g/ml to 0.98 g/ml for De Rica puree and from 1.12 g/ml to 0.95 g/ml for Roma puree through the storage period. Chloride contents of the samples increased significantly (p<0.05) from 0.21% to 0.53% for De Rica puree and from 0.52% to 0.61% for Roma puree within first three weeks of storage. The values declined from 0.53% to 0.2% for De Rica puree and from 0.61% to 0.22% for Roma puree from the third week to the eight week of storage. The bulk density of the samples showed a decrease in value throughout the storage period probably due to the decrease in weight and increase in volume of the samples as a result of reduction in total solid with storage (Francisco et al., 2009 ).
The moisture content of De Rica puree significantly (p<0.05) increased from 83.8% to 90.92% between the production date and the fourth week of storage and stabilized from the fifth week of storage onward. The moisture content of Roma puree increased significantly (p<0.05) from 82.11% to 91.22% from production date to the fifth week of storage and later stabilized from the sixth to eight week of storage. The moisture contents of the samples showed increase in value as a result of the decrease in the total solid content of the samples (Adedeji et al., 2012) .
The chloride content showed a significant (p≤0.05) increase in value at the initial phase of storage before it reduced significantly (p≤0.05) at the later part of the storage period. This could be due to the fact that chloride becomes more bio available in tomato puree during storage. Gould (1983) had reported increase in nutritional composition of tomato puree during processing and storage unlike most other fruits and vegetables.
Microbial Changes of Tomato Puree With Time
Results of the changes in microbial concentration of the samples with time are shown in Table 2 . There was an insignificant increase (p>0.05) from 140 CFU/g to 320 CFU/g for De Rica puree and from 126 CFU/g to 280 CFU/g for Roma puree within the first two weeks of storage. The values increased significantly (p<0.05) from 640 CFU/g to 137,000 CFU/g for De Rica puree and 590 CFU/g to 122,000 for Roma puree from the third to the tenth week of storage. De Rica puree had higher bacteria count throughout the storage period. Mold was absent in both samples during the first five weeks of storage. Mold growth was noticed at the sixth week of storage. Mold grew insignificantly (p>0.05) from 20 CFU/g to 25 CFU/g in both samples from the sixth week to the eighth week, however, grew significantly (p<0.05) from 30 CFU/g to 40 CFU/g for both samples from the ninth week to the tenth week of storage. The total bacteria count of the samples was low after the first www.ccsenet.org/jfr Journal of Food Research Vol. 4, No. 2; 2015 day of storage and increased insignificantly (p>0.05) but still below the recommended levels for human consumption (10 5 CFU/g) (Standards Organisation of Nigeria, 2009) .At the end of the ninth week, there was a significant (p<0.05) multiplication of bacteria for the samples on storage.
Yeast was absent in both samples during the first four weeks of storage. Yeast growth was noticed at the fifth week of storage. Yeast grew significantly (p<0.05) from 10 CFU/g to 50 CFU/g for both samples from the fifth through to the tenth week of storage. Coliform was absent in the samples throughout the storage period. The absence of yeast and mold at the initial storage period and coliform throughout the storage period could be due to the effectiveness of pasteurization and packaging, low water activity and hygienic processing environment (Gould, 1983) .
Changes in Sensory Properties With Time
The changes in the sensory properties of the samples are shown in Tables 3, 4 , 5 and 6. It was observed that the freshly prepared samples (S1 and S2) were not significantly different (p>0.05) in appearance, colour, taste and overall acceptability from the commercial sample. Table 3 shows that there was no significant difference (p>0.05) in term of appearance between the stored (S3 and S4), fresh (S1 and S2) and the commercial (S5) samples during the first three weeks of storage. The stored samples however, showed a significant difference (p<0.05) from the fresh and market samples from the fourth week of storage and beyond.
Tables 4, 5 and 6 showed that there was no significant difference (p>0.05) in terms of colour, taste and overall acceptability respectively between the stored, fresh and commercial samples within first week of storage. The stored samples showed a significant difference (p≤0.05) from fresh and commercial samples at the second week of storage onward.There was no significant (p>0.05) difference between the freshly produced De Rica puree, Roma puree and the commercial sample in appearance, colour, taste and overall acceptability before and during storage. The level of acceptance for both purees in appearance, colour, taste and overall acceptability decreased with time. Marked rejection of the purees was observed at the eight week of storage probably due to the offensive odour that became perceptible. Changes in colour during storage could probably be due to the formation of heterocyclic compounds and streicker aldehydes having a low sensory threshold (Adedeji et al., 2012) . The characteristic sweet taste of tomato puree depends on the interaction between total sugar and titratable acidity (Malindo et al., 1995) therefore; changes in taste observed during storage could probably have been due to reduction in total sugar and titratable acidity.
Conclusion
This study showed that physicochemical, microbial and sensory properties of tomato purees are affected by the type of cultivar used. Roma puree had higher total solid, total soluble solids, chloride and sucrose while De Rica puree had higher titratable acidity and total insoluble solid throughout the storage period. The level of acceptance of both purees in appearance, colour, taste and overall acceptability decreased with time. Marked rejection of the purees was observed after the eight week of storage.
